Adipocytokines are substances produced by adipocytes responsible for the regulation of several physiological processes. Among those substances, leptin and adiponectin have been intensively investigated because of their possible effects on metabolism, reproduction, hematopoiesis and cardiovascular system. The current study aimed to assess the effects of adipocytokines, leptin and adiponectin on cardiac and respiratory functions, as well as on the hematological parameters of healthy female dogs of different breeds. Parameters of rectal temperature, diastolic blood pressure, systolic blood pressure, mean arterial pressure, pulse, heart rate and respiratory rate were evaluated in fifty two healthy female dogs. Blood samples were collected for complete blood count and plasma leptin and adiponectin measurement via ELISA technique. There was no difference in circulating levels of adipocytokines among the different breeds (p ≤ 0,05). Negative correlation between leptin and mean corpuscular hemoglobin concentration was found, while it was positive regarding systolic blood pressure, heart rate and breathing. Adiponectin was positively correlated with red blood cells and platelets and negatively with heart rate, respiratory rate, diastolic blood pressure and pulse. Adipocytokines, leptin and adiponectin, exert regulatory effects on cardiorespiratory function and hematopoiesis in healthy female dogs.
INTRODUCTION
Leptin and adiponectin are cytokines produced by the adipose tissue whose participation is important in many physiological processes, such as energy homeostasis, metabolism, body temperature and blood pressure control, reproduction, inflammation, hematopoiesis and immune system (BLÜHER, 2012) .
Leptin is a pleiotropic hormone produced mainly by white adipose tissue, with influence on blood pressure, immune activation, erythropoiesis and metabolic control (PARK; AHIMA, 2015) . Researches conducted in humans have shown an association between high levels of leptin and hypertension (CATLI et al., 2014) which is independent of adiposity in both normotensive and hypertensive individuals (SAMARA et al., 2008) .
According to Park; Ahima (2015) leptin is important in the modulation of innate and adaptive immune responses, acting on neutrophil chemotaxis and assisting in the phagocytosis macrophage process. It has been shown that absence of leptin causes immunosuppression in mice and humans, which is reversed after leptin administration (UNER; SULU, 2012) . Among other leptin physiological actions, its effects on platelet aggregation, angiogenesis and vascular smooth muscle cell proliferation stand out (BLÜHER, 2012) .
Adiponectin is secreted exclusively by the adipose tissue (YIANNIKOURIS et al., 2010) and plays an important role in the cardiovascular and endocrine system (SHIBATA et al., 2014) working as a biomarker for cardiovascular diseases due to its vascular protective effect (AHEARN et al., 2015) . Reduction in plasma adiponectin is associated with a risk of developing cardiovascular diseases in humans, especially hypertension and atherosclerosis (AHEARN et al., 2015; SHIBATA et al., 2014) .
Most of the research on leptin and adiponectin effects on the cardiovascular and respiratory system has been conducted on obese and/or diabetic rats and humans (LUBKOWSKA et al., 2015; SENADOR et al., 2009; SIKKA et al., 2010) . Moreover, there are few reports of these effects on haematological parameters in domestics animals. Thus, this study aims to investigate the influence of leptin and adiponectin on cardiac and respiratory function as well in hematological parameters in healthy female dogs.
MATERIALS AND METHODS
The Animal Ethics Committee of the Federal Rural University of Semi Arid approved the experimental protocols (n. 25/2013) and procedures adopted for the research.
The study evaluated fifty two (52) healthy female dogs of different breeds, between 1 and 7 years old, from a private kennel in the city of Mossoró.
The animals were clinically examined, measuring the parameters of rectal temperature, diastolic blood pressure, systolic blood pressure, mean arterial pressure, pulse, heart and respiratory rate. Blood samples were collected for complete a blood count (RBC count, hemoglobin dosage, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin concentration, leukocytes, neutrophils, eosinophils, lymphocytes, monocytes and platelets) as well as measurement of plasma adiponectin and leptin.
Heart rate was checked by auscultation of the heartbeat with the aid of a phonendoscope. Respiratory rate was recorded according the number of thoracic movements. Rectal temperature was measured with a digital thermometer which was introduced into the animal's rectum.
Blood pressure and pulse were determined by applying the oscillometric method with a blood pressure measurement device for oscillometry (PetMAP ® -Ramsey Medical, Inc, Florida-USA). The cuff for measuring pressure was placed in the distal radio-ulnar joint, around the median artery.
After clinical assessment, 5 mL of blood were collected from the jugular or cephalic vein, and stored in two tubes: one containing anticoagulant (EDTA) and another without it. The blood with anticoagulant was used to determine haematological parameters, using an automatic analyzer (SDH-3 VET ® -Labtest Diagnostica SA). For obtaining plasma, the blood without anticoagulant was used, which was centrifuged for 10 minutes at 3200 rpm and then stored in a refrigerator until the measurement of adipokines.
In order to measure leptin and adiponectin doses, the ELISA method was used with the following commercial kits: for leptin (Leptin Canine Elizabethan EZCL-31K, EMD-Millipore), and for adiponectin (mouse adiponectin EZMADP-60K, Millipore EMD-). Tests were performed following the manufacturer's recommendations. Absorbance was read with a microplate reader (Human Humareader Single ® ) with the filter set at 450 nm. The results were then plotted on graph paper, putting the absorbance on the ordinate axis and the standard concentration on the abscissa. Thus, the standard curve was drawn and the concentrations were determined by instrumental methods of analysis.
Data were expressed as mean ± standard deviation and minimum and maximum values evaluated by the statistical program SigmaPlot (Systat Software, San Jose, CA) version 12.0. Before evaluating whether leptin and adiponectin were different in the breed of dogs, the Shapiro-Will test was performed to verify if these proteins had a normal distribution pattern. Statistical differences between breeds for each hormone were obtained using Kruskal-Wallis and Dunn tests. Associations between hormone levels within each parameter were obtained by Pearson correlation. P values <0.05 were considered significant.
RESULTS
The animals' average age was 3,41  1,19 years, with clinical and hematological parameters within limits considered normal for the species. There was no difference in leptin and adiponectin plasma concentrations in the different breeds as shown in Table  1 . There was negative correlation with leptin and mean corpuscular hemoglobin concentration (MCHC), and positive regarding systolic blood pressure, and heart and respiratory rates according to Table 2. A positive correlation was seen between adiponectin and red blood cells and platelets, and a negative one regarding diastolic blood pressure, pulse, heart and respiratory rates (Table 2) . 
DISCUSSION
This paper reports the relationship of leptin and adiponectin in healthy female dogs' breeds and their influence on cardiac, respiratory and hematopoietic functions. It was found that breed exerts no effect on leptin concentration in female dogs with resemblance to what was observed by Ishioka et al. (2007) . However, when the authors distributed the animals by weight categories, higher levels were observed in animals with higher body condition scores.
The body's total adipose tissue mass is the main factor associated with blood leptin concentrations. However, other factors can cause fluctuations in such concentrations as reductions caused by fasting, moderate exercise and cold, and increases caused by food after fasting, glucocorticoids and insulin (NEGRÃO; LICINIO, 2000). It was not possible to verify the relationship between leptin and body condition scoring, but the authors tried to eliminate other factors responsible for causing fluctuations in its concentrations such as healthy animals, in resting conditions and without any medication.
There are no reports regarding the effects of breed on adiponectin concentration in dogs. Under this study's conditions, it was found that the breed do not exert influence on circulating adiponectin levels. However, this result must be analyzed carefully, bearing in mind the reduced number of animals.
Effects of adipocytokines on the cardiovascular system have been investigated in mice and humans with results conflicting. Furthermore, most studies investigated leptin in rodents fed with a standard diet. Research carried out by Senador et al. (2009) reported that, in diabetic rats, high blood pressure caused by obesity can occur in the absence of leptin receptor signaling. On the other hand, Sikka et al. (2010) demonstrated that reductions in blood pressure in non-obese diabetic mice occur through leptin-dependent or independent mechanisms. Recently, Simonds et al. (2014) confirmed the effects of leptin on heart rate and blood pressure increase in rats, via leptin receptor-expressing in the region of the dorsomedial hypothalamus. Leptin seems to exert effects on the heart rate and systolic pressure in dogs, but it was not possible to determine the mechanisms by which these effects and obesity or the mechanism by which leptin exerts these effects on dogs.
Evidences show possible regulatory effect of adiponectin on blood pressure in humans. In a group of obese adolescents with or without diabetes mellitus type 2, Shatat et al. (2009) observed that low serum adiponectin levels are associated with increased 24 hour systolic and diastolic pressure. Iwashima et al. (2004) reported that hipoadiponectinemia is an independent risk factor for hypertension and is considered a factor for predicting future hypertension. Investigating the relationship of adiponectin in a group of normotensive human patients, Baden et al. (2013) showed negative correlation between adiponectin and blood pressure. Most studies are focused on individuals with hypertension or hipoadiponectemia with little information on the relationship between normotensive individuals and normal to high levels of adiponectin. This study demonstrates, for the first time, that adiponectin is negatively correlated with cardiovascular parameters (diastolic blood pressure, pulse and heart rate) in healthy female dogs.
Studies in animal models have reported some evidence of stimulant effect of leptin on ventilation. Some studies have showed increased respiratory rate, minute ventilation and tidal volume in ob/ob mice, present even before the onset of obesity, when compared to wild type mice (GROEBEN et al., 2004; TANKERSLEY et al., 1998) . Chronic leptin replacement restores the rapid breathing pattern and the diminished lung compliance associated with the obese phenotype (TANKERSLEY et al., 1998) . The present study demonstrated correlation between leptin and respiratory rate in healthy female dogs. While clinical studies provide supporting evidence to the mouse-model observations indicating the critical role of leptin in ventilatory control, this is the first study to report the effect of leptin regarding respiratory function in healthy female dogs. Further studies are needed to clarify the pathophysiological mechanisms of leptin on respiratory function in dogs.
The effects of adiponectin on respiratory function have been studied in healthy adolescents (NEMET et al., 2003) , asthmatic and non-asthmatic obese (CIESLAK et al., 2013) and healthy adults (MARTINEZ; FORTES; ANJOS, 2011) with varying results. Nemet et al. (2003) demonstrated a negative correlation between adiponectin and oxygen consumption. On the other hand, Martinez; Fortes; Anjos (2011) detected weak positive correlation between the variables in healthy adults and no correlation was observed between the variables in obese asthmatic and non asthmatic in the study of Cieslak et al. (2013) The results observed in the present research, suggesting a possible involvement in the respiratory activity. Further research investigating the relationship between adiponectin with spirometric variables and the presence of their receptors in breath control sites may explain the mechanisms and their relationship with respiratory function in dogs.
Adipocytes are one of the main components of the bone marrow microenvironment and produce a variety of proteins that act in hematopoiesis and metabolism (GIMBLE et al., 1996) . Leptin, when in excessive quantities in the blood, induces proliferation and differentiation of hematopoietic cells and myelocytic precursors (SÁNCHEZ-MARGALET et al., 2003) . In the current study, there was observed correlation just with mean corpuscular hemoglobin concentration. Reports on the effect of leptin on erythroid indicators diverge. A study evaluating the relationship between leptin and thyroid hormones in humans with chronic renal failure and transplanted patients showed no correlation of leptin with hemoglobin (MALYSZKO et al., 2006) . Conversely, Lubkowska et al. (2015) observed negative relationship between leptin doses in the blood and red blood cells, hemoglobin and hematocrit. The negative relation between leptin and corpuscular hemoglobin concentration in this study suggests a possible effect of hypoxia on leptin concentration in female dogs. Studies in mice revealed that leptin tends to increase during prolonged hypoxia (CHAIBAN; BITAR; AZAR, 2008) . The results of this study should be carefully analyzed, given the small number of animals, hematological parameters within the limits of normality, and animals of the same sex.
The role of adiponectin on hematopoietic cell proliferation differs among the researchers. A study suggests action of adiponectin on proliferation of hematopoietic stem cells by activating the receptor AdipoR1 in those cells (DIMASCIO et al., 2007) . Moreover, studies of Matsubara et al. (2004) and Kohno et al. (2014) show a suppressive effect of adiponectin on bone marrow in vivo in humans. In this study, there was correlation between adiponectin and count of red blood cells and platelets suggesting a proliferative effect of adiponectin on hematopoiesis in healthy female dogs.
CONCLUSION
Dog breed has no effect on leptin and adiponectin concentrations. Leptin and adiponectin exert regulatory effects on cardiac function, respiratory and haematological parameters of healthy dogs.
